Planning the management of complex cases requires years of structured training, with experienced gained both by attending joint/multidisciplinary clinics and through managing patients needing interdisciplinary care. Together, these reinforce basic skills and develop high-order thinking. It is crucial, however, that the development of these advanced planning skills can be measured, so as to assess the progress of trainees and the effectiveness of training programmes. Here, the validity, reliability and consistency of a clinical, hypodontia case-based structured assessment tool of clinical reasoning and higher-order thinking is tested.
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Introduction
Joint/multidisciplinary clinics for the planning of particularly complex cases are well established in many UK teaching and district general hospitals. Cases of cleft lip and palate, trauma and conditions affecting the number, condition or position of teeth, as well as cancer cases, are jointly planned by clinicians with various specialty interests and skillsets to reach a mutually agreed, realistic endpoint. To acquire the skills needed as a specialist in any one of the dental specialties requires years of structured training. Trainees gain experience in treatment-planning complex cases, perhaps by attending joint specialty or multidisciplinary team (MDT) treatment planning clinics, and managing patients with complex interdisciplinary care requirements. 1 This is thought to reinforce basic skills and develop higherorder thinking in deciding which of several options are most appropriate for patients with complex conditions and challenging presentations.
Hypodontia, or the congenital absence of permanent teeth, has a prevalence of 1-11.3% and is one such condition. 2, 3 Patients present with varying degrees of severity and functional and aesthetic problems, and, as such, pose challenges for treatment planning and management to achieve good, stable, long-term function and, in many cases, aesthetics. 3 Treatment may involve orthodontics to close or open spaces, direct or indirect restorative techniques to change tooth shape or occlusal vertical dimensions, and fixed or removable prostheses to restore space. 3 Variations in skeletal growth patterns may also cause an exaggerated mismatch between the maxillary and mandibular arches, potentially corrected by orthognathic surgery. Although multidisciplinary care is not always available, input from various specialties is recommended at an early stage to ensure all options are considered carefully. 4, 5 Complex cases challenge the clinical reasoning and treatment planning skills of even expert clinicians. Measuring clinical reasoning in a wider sense is of great importance in the context of measuring trainee progress and certification of training. A number of tools are used in dental and medical education for measuring knowledge, clinical reasoning and mental dexterity. Those relevant to clinical reasoning include objective structured clinical examinations (OSCE); 6, 7 clinical reasoning problems (CRPs);
8 key features problems (KFPs) 9 and; script concordance tests (SCTs).
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Measuring and interpreting the validity of these tools has been reviewed extensively in the literature. 11, 12 In restorative dentistry, a case-based structured oral examination is used to measure candidate's clinical reasoning and higher-order thinking. During training, a number of other tools, known as workplace-based assessments (WBAs), are used to measure progress. Clinical casebased scenarios, as a mock-exam style assessment, may be another, informal way to measure trainee progress and prepare them for the intercollegiate specialty fellowship examination (ISFE), which is the exit examination for specialty trainees in the surgical specialties.
We investigated the construct validity, inter-rater reliability and internal consistency of a clinical, hypodontia case-based structured assessment tool of clinical reasoning and higher order treatment planning in UK restorative dentistry trainees.
Materials and methods
Trainees were identified by contacting members of the Specialist Registrars in Restorative Dentistry Group (SRRDG) and delegates attending the SRRDG 2012 conference. Trainees were included if they were in a restorative dentistry specialty registrar/specialist registrar post and had a national training number. No incentives were used and participation was voluntary. Registrar year of training and experience of hyperdontia MDT clinics was determined from a pre-assessment questionnaire.
measuring clinical reasoning in a wider sense is of great importance in the context of measuring trainee progress and certification of training A written assessment tool was developed to test the clinical reasoning skills of restorative dentistry trainees by assessing their responses to clinically oriented questions using real hypodontia case material. Three cases were selected: one example case and two assessment cases. A detailed case history, with clinical findings, special investigations, clinical photographs, radiographs and orthodontic advice, was presented. All cases were from the Joint Hypodontia Clinic of the University Dental Hospital of Manchester. Consent for the use of clinical photographs and non-identifiable material was obtained for all cases.
Features of several clinical reasoning measurement tools were incorporated into the assessment: 'key features' from KFPs 9 and CRPs (CRPs); 7 'free text' similar to OSCE post-encounter forms and the justification of management decisions in CRPs; 7, 8 and 'decision making' from SCTs. 11 They measured the ability to identify factors affecting the treatment plan; barriers to success; and further information to form and outline a treatment plan, explaining its strengths and limitations.
The assessment was piloted on four restorative dentistry registrars. A clinical lecturer (RVR) and professor in restorative dentistry (JDS) reviewed the assessments. Model answers and pass marks, at the level of ISFE exit examination, were developed from the responses of five consultants in restorative dentistry, following the approach outlined by Elstein et al, 13, 14 and used in the SCT. 10, 13, 14 Two assessors (ZA and RVR) marked the scripts. The maximum score for each question was determined following the inspections of expert responses, with an overall score of 70. The marking was calibrated using a sample of five randomly selected scripts, and areas of contention were discussed and reconciled prior to individual marking. The assessors then developed a 'consensus' mark. Where consensus could not be reached, the third author (JDS) gave the final verdict. Outcome scores for each item were calculated relative to the pass mark, with 0 a pass, positive scores above a pass and negative scores below a pass. Item scores were combined to give a total score relative to the pass mark.
Trainees were also asked about how the training programmes could be improved in terms of planning complex cases, and any themes identified.
The University of Manchester Ethics Committee and the Research Conduct and Accountability Committee exempted the study from ethical review.
Statistical analysis
Inter-examiner reliability was investigated using the intraclass correlation coefficient (ICC). Internal consistency was measured using Cronbach's alpha. Outcomes were presented with descriptive date, including the median and interquartile range and range for each trainee category. The Kruskal-Wallis test was used to compare the trainees' 'diagnostic thinking' and 'total clinical reasoning/higher-order thinking' scores, grouped by the number of MDT meetings attended and year of Table 1 .
Inter-rater reliability of the assessment was excellent, with an ICC of 0.901. Combining the all items into one clinical reasoning or 'higher-order thinking' score gave Cronbach's alpha of 0.889. The majority of trainees felt that their programme fulfilled their requirements in terms of managing complex cases, with only 11.5% (n=3) disagreeing. From the responses to the question 'What changes would you like to see in your program to improve the training in treatment planning for hypodontia cases?', three main themes emerged: increased didactic teaching; increased interaction with other specialties; and protected clinical training.
Discussion
The assessment tool was developed to measure clinical reasoning or higher-order thinking in restorative dentistry trainees. These are complex constructs to measure and we neither suggest that clinical case-based assessment tools have fully explored and measured them in each case, nor that written scenario-based examination should replace the measures used in high-stakes examinations such as the ISFE. We made every effort to make the tool clinically representative, using good-quality clinical photographs and radiographs of a real patient, and providing additional information, including the opinions of an orthodontist.
Although it is not possible to entirely prove the construct validity of the assessment tool in this way, concepts from previously validated tools measuring similar properties were incorporated. The identification of important features and justifying a treatment plan is similar items to that in CRPs. 8 Trainees were also measured against recognised experts in the field (ie consultants in restorative dentistry), which is a triedand-tested technique. 10, 13, 14 Features from CREs, the 
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assessment of treatment planning decisions from OSCE and oral (viva voce) examinations and decision-making skills similar to those tested in the SCT were also incorporated to improve validity. 8, 10, 15 We accept that we have assumed combining these various items would give the assessment tool a degree of validity in measuring diagnostic ability and clinical reasoning. Although this requires further validation, the assessment showed good internal consistency, thus justifying our approach. The inter-rater reliability was excellent, supporting the scoring method and the reliability of the results.
With a small sample of only 26 trainees' data could only be presented descriptively. With no power calculation or estimate of effect size, the study was effectively an unpowered observational study. Specialty registrars generally are committed to a number of roles alongside their clinical training, and taking significant time out to consider cases carefully and give full answers was not a priority. Incorporating mock clinical exams as part of regional and national study days may be one means of measuring the outcome of larger numbers of trainees and, hence, improving response rates. Furthermore, only eight items from two clinical cases were used, which is small compared with tools used for medical trainees, such as Script Concordance Tests, which recommend a minimum of 20 cases to ensure the validity of the findings. This would not have been feasible in this study, as we relied on voluntary compliance, and increasing the number of questions would have risked further reducing the response rate.
Other sources of bias may include the lack of standardisation in time allowed to complete the assessment, no account taken of trainees prior experiences and qualifications, and no objective measure for the quality of training experienced at the trainees' respective dental schools or hospitals.
The ability to measure reliably and accurately a clinician's clinical reasoning remains a challenge. In an age where the revalidation of medical and dental professionals is the focus of increased attention, the development of tools and measures may be increasingly useful. Informal assessment using clinical scenariobased tools may help measure trainees' progress through a specialty training programme alongside other measures, such as WBAs and the Annual Record of Competency Progression.
Conclusion
We have demonstrated good inter-rater reliability and internal consistency with a clinical case based assessment tool to measure clinical reasoning. Although we cannot say with any certainty how many MDTs a trainee should attend, there was reduced variability in candidates who had attended 21 or more MDTs and were in their final year of training. Further research is required to determine if such tests are able to demonstrate good intra-rater, test-retest reliability, and compare with other accepted measures, such as OSCEs or oral assessments. 
